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Abstract 
A bottom-up energy system model, TIMES (The Integrated MARKAL-EFOM System), is used to analyze transport 
service demand, energy consumption and CO2 emission for China and USA. In order to better represent the 
heterogeneity and real-world characteristics of the transport sector, a down-scaled analysis is carried out to increase 
the resolution of transport sub-modes and technologies. Technology parameters (capital cost, O&M cost, fuel cost, 
energy efficiency, etc.) are estimated at a more detailed level according to the latest literature. Model results suggest 
that transport sector of China and USA has quite different development pathways during the next four decades, and 
advanced technologies, effective fuel economy policies and modal shift to less energy intensive modes can facilitate 
the reduction of energy intensity. 
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1. Introduction 
Transport sector plays an important role in the energy system and has drawn increasing attention of 
authorities worldwide. As the largest emerging country, China has experienced a boost in vehicle stock at 
an annual growth rate of 14% in the last three decades, and this trend is likely going to continue, which 
will put more pressure on China’s transport energy and environmental challenges. The United States, the 
largest economy nowadays, consumes 24.4 EJ of energy in transport sector, accounting for 39% of the 
total final energy consumption. It is inevitable to further understand the transport energy demand and 
other characteristics in order to achieve the global energy and climate goal.   
Energy consumption and carbon emission from transport sector are influenced by economic 
development, geographical coverage, fuel technology progress, transport policies, etc. [1].  On-road 
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vehicles consumes most of the energy relative to other transport modes. Both China and USA have 
carried out some policies and regulations regarding the vehicle fuel economy standards. Chinese 
government requires the Corporate Average Fuel Consumption (CAFC) to decrease to 5.0 L/100 km in 
2020, and the US administration has set up a standard to increase fuel economy to the equivalent of 54.5 
mpg (roughly 4.3L/100km) for cars and light-duty trucks by 2025, almost twice of that of present vehicles.  
2. Methodology 
TIMES model is an economic model generator which provides a technology-rich basis for estimating 
energy dynamics over a long-term time horizon [2]. Within the TIMES framework, the USTIMES and 
ChinaTIMES have been built in this study. Special attention has been paid to better representing the 
characteristics of transport sector of both countries and to describing transport technologies as detailedly 
as possible. In ChinaTIMES, for example, passenger modes such as bus, LDV and motorcycle are 
included and are further divided into sub-modes according to vehicle size, all with several fuel types such 
as gasoline, diesel and natural gas considered [3]. Data are collected according to the latest literature. 
3. Results 
3.1. Transport service 
Fig. 1. (a) passenger volume and p-km per capita; (b) freight volume and freight service intensity of GDP 
Transport service demand (with international aviation and navigation excluded) is presented in Fig. 1. 
USA’s passenger turnover volume grows from 8443 billion pkm in 2010 to 11395 billion pkm in 2050, 
while its passenger service per capita increases very slightly. On the other hand, China sees a rapid 
growth in passenger turnover volume as well as the passenger service per capita. China’s passenger 
volume grows at the annual rate of 3%, reaching 22319 billion pkm in 2050, almost twice that of USA. In 
spite of the rapid increase, China’s passenger service per capita is still less than that of USA within the 
model horizon. Similar trends can be seen in the freight volume. As with the freight activity intensity of 
GDP, USA has a relatively modest decrease, whereas China sees a sharp decline from 2.46 tonne-
km/2005$ in 2010 to 0.92 tonne-km/2005$ in 2050, but still higher than that of USA in 2010. Historically, 
the fact that China’s freight activity intensity has remained in a high level is partly associated with the 
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economic structure feature that industrial value added takes up much more share of the total GDP than 
developed countries like USA.   
3.2. Final energy consumption 
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Fig. 2. Energy consumption in transport sector 
USA’s transport energy consumption rises quite slightly during the model horizon (Fig. 2.). Share of 
gasoline has a moderate drop probably because of the strict fuel economy standards of cars and light 
trucks, while biomass and electricity go up at an annual rate of about 1%. At the same time, natural gas is 
the fastest-growing fuel, with its share out of the total consumption rising from 2.8% in 2010 to 5.2% in 
2050. As distinct from USA, China’s transport energy consumption shoots up considerably, with an 
average annual growth rate of 3.3%, and almost all fuel types increase in the model period. Unlike in 
USA, where passenger dominates the transport energy consumption, freight uses nearly as much energy 
as passenger in China, partly because of the different economic structure between the two countries. 
3.3. Energy intensity 
Fig. 3. (a) passenger energy intensity of volume;  (b) freight energy intensity of volume 
Transport energy intensity is the energy required to deliver a given amount of transport turnover 
volume (Fig. 3.). Passenger intensity levels off in China but drops gradually in USA during the model 
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period. Freight intensity both in China and USA are fairly low compared to other countries (e.g. Japan, 
2.3 MJ/ton-km in 2009), but they change towards the opposite tendency. Two points are worth making 
regarding this result. Firstly, more than 30% of the freight service comes from rail transport, which is less 
energy intensive, in both countries. Secondly, USA is assumed to have higher technology improvement 
rate, resulting in a marked decline in transport intensity. Interestingly, transport intensity is lower in 
China than in USA, partly because the actual load factor might be higher than theoretical value or the 
statistical data in China, where road overloading, for example, is relatively common to produce more 
revenue under the economy flourish background. 
4. Conclusions and policy insights 
Benefiting from the fairly moderate economy development, the increasing fuel prices, the strengthened 
fuel economy standards, USA’s transport service demand and energy consumption remains steady and the 
transport intensity goes down gradually during the model period. Meanwhile, China’s transport service 
demand and attendant energy consumption increase rapidly, while the corresponding per capita value is 
still quite low and transport intensity tends to go up, which indicates a great challenge for China to deal 
with the energy and emission issues. It’s difficult for China to reduce transport energy use with an 
economic liftoff, but the energy consumption growth can still be slowed down by policies like raising fuel 
economy, and the increasing use of electricity and biomass fuel can present opportunity to reduce carbon 
emission. It can also be indicated in this study that more advanced transport technologies, more effective 
fuel economy policies and modal shift to less energy intensive modes like rail can all contribute to reduce 
the transport intensity.  
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